FORUM FORUM FORUM
FORUM is intended for new ideas or new ways of interpreting existing information. It provides a chance for suggesting hypotheses and for challenging current thinking on ecological issues. A lighter prose, designed to attract readers, will be permitted. Formal research reports, albeit short, will not be accepted, and all contributions should be concise with a relatively short list of references. A summary is not required. (Fig. 1) . In this paper, we discuss and illustrate the idea that parasites can directly or indirectly be involved in engineering processes through the phenotypic alterations they induce in their hosts. 
Parasites as ecosystem engineers
By altering particular traits of their hosts, parasites can also favour the emergence of engineering functions in their host (Fig. 2C) . In these cases, parasitic alteration is thus responsible for habitat creation. This situation is for instance illustrated in the association between the crustacean parasite Sacculina carcini (Rhizocephala) and its host, the crab Carcinus Imaeinas. The parasitic larval stage penetrates into the crab and develops an extensive system of branches extending even into the appendages of the host (Hoeg 1995) . The physiology of the crab is then completely altered and an important aspect of these alterations is that infected crabs do not moult in most cases (O'Brien and van Wyk 1985). The cuticle of infected C. nmaeiucas then becomes a more permanent substrate for several invertebrate species than that of non-infected crabs which present a normal moulting cycle. Interestingly, classical illustrations of crabs infected by rhizocephalan parasites mentioned an epibiont community on the cuticle (Fig. 3A, B) . This example illustrates that sometimes only one trait (e.g. the inter-moult duration) can prevent one species from having an engineering role and that by altering specifically this trait, parasites can favour the emergence of engineering functions.
Probably the most important role of parasites as ecosystem engineers occurs inside host species since free-living organisms are themselves habitats for numerous parasite species. Thus, by altering their hosts, parasites directly alter some characteristics of the habitat for other parasites. To understand these phenomena, it is, however, necessary to consider the living host as a particular habitat. For instance, one of the most important ecological constraints met by parasites and pathogens to exploit free-living organisms is the defensive systems of host species (e.g. immune response of vertebrates). In this context, parasites responsible for immuno-suppression control the availability of resources for other parasites by modifying the level of environmental adversity. For example, positive effects on abundance and richness of other parasite species (i.e. opportunistic diseases) are well demonstrated in the case of humans infected by HIV ( Table 1 ). Knowing that these secondary infections often reduce the host's survival and subsequently the engineer's fitness, a negative feedback is, however, likely to exist for immunosuppressor engineers.
Numerous parasite species have complex life cycles, exploiting successively different host species as temporary habitats. Among these parasitic communities, nu- 
Concluding remarks and future directions
To date, most of the studies illustrating a key role of parasites in structuring animal communities rely on evidence for a differential susceptibility of closely related host species to infection or its consequences (e.g. Minchella and Scott 1991, Combes 1996) . It seems, however, that parasites could have other important effects on communities through their roles in engineering processes. Although the possible evidence for engineer parasites mainly concerns examples from marine systems, we believe that engineer parasites can exist under a wide range of ecological situations. More empirical evidence of indirect and direct roles of parasites (and parasitoids) in engineering processes is clearly needed at the moment. Future studies could for instance investigate how the engineering activity of engineers is altered when they are infected by parasites. Such information, coupled with data on parasitic abundances in populations, should allow us to predict some indirect effects of parasites on community structure. It seems also likely that competition between related engineers could be mediated by parasites in natural communities. Consequences of this phenomenon on diversity in ecosystems remain to be explored. The issues of how engineer parasites may cause changes in hosts are undoubtedly important ones. More particularly, we have a very poor idea of the effect of engineer parasites on their hosts in evolutionary terms. How engineer parasites may interact with the ecological traits of their hosts, e.g. fixation of one character like shell shape and size, which could confer higher colonization capabilities and persistence to parasitised individuals harbouring these features, compared to unparasitised smaller organisms. The role of parasites in ecosystem engineering in evolutionary terms has still not been studied, and we strongly encourage research in this direction. Finally, we also encourage parasitologists to analyse the entire parasitic community inhabiting hosts debilitated by manipulative parasites since these situations are ideal to understand the role of engineer parasites on the structure of the parasitic community. Overall, knowing that most, if not all, free-living organisms harbour parasites and knowing the variety of host traits altered by parasites, this new area of research at the junction of ecology and parasitology appears promising.
